The Polarization and Depolarization Current (PDC) m easurem ent is an efficient and effective diagnostic technique based on tim e d o m a in m easurem ent, for evaluating the high voltage in sulatio n condition. This paper presents a review and com parison results from several published papers on the application of the PDC m ethod to finding the conductivity and moisture content of various types of insulators. For solid insulation, the study was focused on cable insulation, electric machine stator insulation, and paper insulator in transformer insulation with different conditions. For liquid insulation, the review and comparison was done on biodegradable and mineral transformer oils, w ith fresh oil condition, and aged condition. The results from previous researchers tests were complied, analyzed and discussed, to evaluate the application of the PDC m ethod to m onitor the conductivity and moisture of HV equipm ent insulation systems. From the review results, the PDC technique successfully gives an indication of the conductivity and moisture level of high voltage insulation. K eyw ord s: Polarization a nd depolarization current, Conductivity, Moisture content, HV insulations
Trans. Electr. Election. Mater. 15 (1) 7 (2014) : N. A. M. Jamail et al. and mineral transformer oils with different moisture levels (dried, normal, or wet) for comparative analysis, by researcher [17] .
EXPERIMENTS

The insulation conductivity concept
By exam ining the PDC curves, parameters such as c o n d u c tivity and moisture content in the insulation can be estimated. Figure 1 shows an example of PDC curves in a dB plot. The figure shows the oil conductivity, oil properties, geometry, ageing and water content influence on the PDC-Curves [18] . Based on the figure, the conductivity of the insulation can be measured from the front tail of the PDC curve. The value of conductivity affects the polarization current, m ainly in the tim e range t<100 s. Higher conductivity leads to a higher current value. Moisture content can be measured from the end tail of the PDC curve.
From the m easurem ents of po larizatio n an d depolarization currents, it is possible to estimate the dc conductivity c, of the test object. If the test object is charged for a sufficiently long time, so that f(t+tc)= 0, the dc conductivity of the composite d i electric can be expressed as [1, 16, 17, 19, 20] :
PDC measurement technique
The polarization currents m easurem ent is perform ed by a p p ly in g a dc voltage step on the dielectric m aterials, a n d the depolarization current is measured by removing the dc voltage source, incorporating a switch, w hich turns on to short circuit the tested objects. The dc voltage applied was 1,000 V, for about 10,000 seconds for the polarization and depolarization time. The principle of PDC m easurem ent is shown in Fig. 2 .
MEASUREMENT RESULTS A N D ANALYSIS
Effect of moisture content and temperature on transformer insulation
In order to access the low temperature effect on PDC measure ments, an adiabatic clim ate cham ber w ith ±0.1 °C accuracy was used, to vary the temperature at 10 and 15 C . Figure 3 and Fig. 4 show the effect of moisture content on the polarization and depo larization current measured at 10 C and 15 C . From these figures, it can be seen that the am plitude of the long term dc polarization/ depolarization current is very sensitive to the moisture content in paper. Any increase in moisture content shifts upward the long term range of the dc polarization/depolarization current.
For the temperature effect, it can be seen that the PDC current m agnitude increases w ith increasing temperature from 10 C to 15 C , for both initial and long term PDC values. The temperature of insulation has great influence on the results, and the interpre tation of PDC measurements [14] . After 100 s, the current shows an obvious trend, because at this tim e the molecules inside the m aterial get enough energy to move inside the m aterial, from positive to negative electrode. Figure 5 shows the variation of polarization current w ith paper conductivity. It is observed that the change in paper conductivity tends to affect the tail of the polarization currents [16] . Whereas, Fig. 7 . Charge currents for epoxy-mica bars and a polyester-mica coil, before (dry) and after (humid), one week under a hum id atmo sphere [6] . interprets the moisture absorption of the insulation, w h ich in dicated higher moisture absorption for polyester-mica coil. The result was com piled, a n d is show n in Fig. 7 The analysis for PDC m easurem ent for m ac h in e in sulatio n was done, based on the results in a paper published by research ers [6] . Figure 7 an d Fig. 8 show th at the p o larizatio n a n d de p o la riza tio n current for polyester-mica coil is higher th a n for epoxy-mica bar, in both conditions. Their conductivity increases sharply after m oisture absorption, w h ich caused a significant change in the dielectric response of the insulation system, result ing in the occurrence o f an interfacial polarization peak w ithin the tim e frame of observation. Table 1 shows the m a x im um and m in im u m current of these two insulations. The m in im u m value
Conductivity of transformer insulation
M achine insulation results
Effect of moisture content and temperature on cable insulation
The analysis of PDC measurem ent for cables was done by re searcher [4] . Figure 9 shows the polarization and depolarization current of 2 k m XLPE cable, after 4 years in service at tem pera ture 21C , and 5 years later, after supplying fault current at te m perature 30 C . It is observed that this ageing process leads to a very high polarization and depolarization current at temperature 1 10 too 1000 10000
Tim* in i Fig. 9 . Polarization and depolarization current of 2 km XLPE cable, af ter 4 years in service (T=21 C), and 5 years later, after supplying fault current (T=30C) [4] . 
Conductivity of cable insulation
The PDC application to cable insulation was done by research ers [6, 7] . Based on their papers, the tests were classified into sev eral cable classifications, as listed in Table 2 As the temperature increases, the apparent conductivity in creases. This is due to insulation degradation w ith temperature, w hich refers to the ageing process.
CONCLUSIONS
PDC m easurem ents can be used to determ ine the condition of HV insulation. The PDC measurem ent results presented sug gest that higher moisture contents and other ageing conditions due to temperature dependence show higher conductivities and moisture content, of both solid and liquid insulations.
This paper reviewed and compared the results of PDC conduc tivity and moisture content, for transformer, cable and machine.
From the com parison results, it concluded that the polarization and depolarization current results could be used to determ ine the conductivity and moisture content of solid and liquid insula tion. Higher values of polarization and depolarization currents can contribute to higher conductivity and moisture content of insulation.
